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INTRODUCTION
Osteoporosis is characterized by low bone mass density and micro-architectural deterioration, which increase the risk of bone fractures and result in pain and deformity. Osteoporosis is considered a significant public health concern that will increase in the future as the population ages in the developed world (1) . Bone mineral density (BMD) is the most important predictor of fracture risk. Other contributing factors to bone strength, some of which are heritable, include bone turnover, bone architecture and skeletal geometry (e.g. long femoral necks fracture more easily than short ones) (2) . Non-invasive bone mineral density measurements are utilized as a guide both to initiate treatment and evaluate its effectiveness. The current gold standard is still dual-energy X-ray absorptiometry (DEXA), in which X-rays pass through a standardized disc containing absorption material and then through the patient's tissue; absorption in both is measured separately and the evaluation is made by comparing the two measurements. Total body, anterior, posterior, lateral lumbar spine, and femora are measured. There are many laboratory tests used in the diagnosis and follow-up of bone loss. Beta-CrossLaps (beta-CTx) are the C-terminal telopeptides of type I collagen, the main component (approximately 90%) of the protein matrix of bone. Beta-CTx is released into the bloodstream during bone resorption and is almost entirely excreted by the kidneys. Its quantification serves as a specific marker for the degradation of mature type I collagen from bone (3). Prevention of osteoporosis preserves an individual's quality of life as well as reducing the economic burden of treatment. For the prevention of osteoporosis and resulting fractures, it is important to identify women who have a high risk of fracture. In this study, our aim was to evaluate the rate of bone loss by an early marker, serum beta-CTx, in postmenopausal women receiving either hormone replacement therapy (HRT) or bisphosphonates (BP), and predict response to treatment at an earlier stage.
MATERIALS AND METHODS
Our study was designed as a prospective randomized study at the gynecology clinic of our Hospital, recruiting thirty patients after obtaining informed consent. The Ethics Committee reviewed and approved the project. Patients had not been menstruating for at least one year, had follicle stimulating hormone (FSH) levels of >40IU/L and estradiol (E2) levels of <20ng/mL. All patients had an intact uterus. They had no contraindications to HRT, alendronate or calcium use, and were randomized into two different treatment groups. For six months, members of the HRT group (n=12) were prescribed estradiol 1mg, norethisterone acetate 205mg, calcium 1000mg daily; the BP group was treated with alendronate 70mg weekly and calcium 1000mg daily. At the beginning of the study and after six months, bone mineral density was measured using DEXA. The T-scores of the patients were used for the quantitative evaluation of bone loss. At the beginning and at the end of the six-month period, serum beta-CTx was also measured. Serum beta-CTx was measured in the morning with fasting state blood samples. By measuring morning fasting serum beta-CTx, the variability of measurement was minimized. The method used was electrochemiluminescence immunoassay (ECLIA) Eleycys modular analytic E170. This is an immunologic test for the quantitative analysis of Type 1 collagen metabolites. The T-score and serum beta-CTx changes at the end of the study were compared.
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Statistical Software (Utah, USA) were used for statistical analyses. Mean and standard deviation were used as descriptive statistical methods in the analysis of the data. When comparing parameters that showed normal distribution between the two groups, Student's t-test was used.-Mann-Whitney U test was used to compare parameters that did not show normal distribution. Wilcoxon sign-rank test was used when comparing the parameters that did not show normal distribution within the group. Spearman's correlation analysis was used to determine the correlations between the parameters. P<0.05 was considered significant.
RESULTS
The study was carried out with thirty patients aged between 45-57 years. The mean age of the HRT treatment group was 47.0 ±1.27 years, the BP group was older (51.8±2.54 years); the difference was statistically significant as a consequence of randomization. The characteristics of the patients are shown in (Table 1 ). In patients that received BP treatment, the levels of beta-CTx were significantly lower at the end of the six month period compared with the level at the beginning (p<0.05). In patients on HRT, although there was a fall in serum beta-CTx levels at the end of six months, the difference was not statistically significant (p>0.05) ( Table 2) . The L1-BMD of patients receiving BP treatment at the beginning of the study and after six months was significantly higher compared with those of patients on HRT (p<0.05). When the changes in L1-BMD were compared between the two groups, no significant difference was noted (p>0.05). L2-BMD of patients receiving BP treatment at the beginning of the study was also significantly higher compared with the HRT group (p<0.01). There was no significant difference between the two groups in changes of L2-BMD from the beginning of the study until the end of six months (p>0.05) ( Table 3 ).
In the HRT group, femur neck BMD did not change significantly from the beginning to the end of the study (p>0.05). In patients treated with BP, the change in femur neck BMD over six months was statistically significant (p<0.01). However, the changes in the femur neck BMD over six months between the two study groups were not statistically significantly different.
At the beginning of the study, the T-scores of patients receiving BP were significantly higher than in those on HRT (p<0.01). At the end of six months, the T-scores of patients who used BP was significantly higher than in those receiving HRT (p<0.05). There was no statistical difference between the T-scores at the beginning and after six months in the BP group (p>0.05), There was no statistical difference between the T-scores at the beginning and at the end of six months in patients who received HRT (p>0.05) ( Table 3 ).
DISCUSSION
The importance of menopausal estrogen deficiency in the pathogenesis of osteoporosis was first recognized by Fuller Albright in 1941, who observed that most patients with osteoporosis were postmenopausal women (4) . Subsequent studies demonstrated that the menopause was associated with bone loss, which could be prevented by estrogen treatment in a dose-dependent manner. Before the licensing of the first bisphosphonates for the treatment of osteoporosis in the 1990s, HRT was the major therapeutic option for both the prevention and treatment of postmenopausal osteoporosis (5) . C-telopeptide CrossLaps (CTX) and bone-specific alkaline phosphatase (BAP) are used as markers for bone resorption and formation and also for prediction of fracture risk, independent of BMD, and monitoring of osteoporosis treatment (6, 7) . Bone turnover markers may be used to detect treatment efficacy earlier than DEXA. When antiresorptive or anabolic medication is given, biochemical markers change earlier than physical markers, and this information is helpful in convincing patients to continue their treatment. Bone turnover markers may also be used along with bone density values when beginning osteoporosis medication and to monitor bone turnover when treatment is completed (8) . In a study by Overgaard, nasal calcitonin was given to patients who were diagnosed as having osteoporosis in the postmenopausal period. Patients were followed up at regular intervals for two years. Serum beta-CTx levels and BMD were determined at six, twelve, and twenty-four months. At the end of two years, there was a significant relationship between the changes in beta-CTx levels and changes in BMD. Beta-CTx levels decreased as BMD increased (9) . In 1999, the role of biochemical markers in revealing BMD changes was investigated in a multicenter study. Serum beta-CTx, total calcitonin, and bone-specific alkaline phosphatase were investigated as biochemical markers. The relationship between the biochemical marker levels with BMD at the beginning of the study, after six months, and at the end of two years was evaluated. It was shown that early changes in biochemical markers were predictive of BMD changes in the long run (10) . In our study, although there was a fall in serum beta-CTx levels in the short term, this was not reflected in long-term BMD changes. The most important reason is that this was a short-term study. Nevertheless, the fall in serum beta-CTx levels in a short period of six months gives us an idea about the effectiveness of treatment. Garnero investigated the role of changes in serum and urinary beta-CTx levels in predicting future osteoporotic fractures. At the end of their study, the authors showed that changes in biochemical markers could predict fracture risk earlier and more accurately (11) . Zao et al. compared bone turnover markers in postmenopausal women and found statistically significantly higher serum beta-CTx levels in patients with a high risk of osteoporotic or vertebral fracture. However, in the same study, there was no relationship between serum P1NP, which is an N-aminoterminal propeptide of type I collagen, and fracture risk; the researchers also found that there was a negative correlation between serum beta-CTx, serum P1NP levels, and bone mineral density (12) . In 2003, Tanko et al. found that serial serum beta-CTx measurements could determine the effectiveness and appropriateness of treatment at an early stage. Twohundred healthy postmenopausal women with T-scores between -1 and -5 were included in the study. Patients were given BP treatment at different doses and frequencies. Serum beta-CTx levels were measured in blood drawn. At the end of this study, they concluded that serial beta-CTx measurements were found to be helpful in determining the effective dose at a very early stage, whereas it took at least a year with BMD to achieve this aim (13) .
In 2009, in a randomized, double-blind, placebo controlled study conducted by Rogers et al, the role of biochemical markers in determining the effectiveness of lasofoxifene treatment was investigated. Serum beta-CTx levels at 0, 6, 12, and 24 months were measured, and BMD was evaluated at 12 and 24 months. In the treatment group, serum beta-CTx levels fell at 6 months.
The changes in BMD were not detectable before one year (14) .
In our study, we evaluated both serum beta-CTx levels and BMD of patients after six months of treatment.
There was no change in BMD; however, serum beta-CTx levels fell in 70% of all cases. In light of these findings, we concluded that serum beta-CTx measurement was more effective than BMD in the early assessment of osteoporosis and follow-up treatment.
Although BMD is not sufficient to evaluate effectiveness of treatment before one year has elapsed, serum beta-CTx can assess treatment as early as six months. Furthermore, the early change in serum beta-CTx gives information about later bone gain (15) . In our study, the fall of serum beta-CTx levels the in the HRT group was not significant, but it was statistically significant in the BP group. No change was observed in any of the parameters of BMD at the end of six months; these findings reveal that assessment of treatment effectiveness is more effective with serum beta-CTx levels compared with BMD.
CONCLUSION
We evaluated serum beta-CTx levels and BMD in patients after six months of treatment for osteoporosis. We observed none of the long-term changes in BMD described in other longer-term studies. It takes at least one year to observe changes in BMD.
On the other hand, this approach seems to be more effective than BMD in assessing osteoporosis treatment because changes in serum beta-CTx levels can be detected much earlier.
In conclusion, serum CrossLaps measurement is an earlier marker and guide compared with bone mineral densitometry in assessing the effectiveness of osteoporosis treatment, especially in patients with rapid bone loss. Further long-term randomized controlled trials are required to fully clarify this subject.
